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Abstract
Eﬀective atomic numbers (Zeff ) of three polymers, an alloy, a compound and an element have been determined for
photoelectric process at 59.54 keV from the accurately measured total attenuation coeﬃcients, for g ray attenuation.
Possible conclusions are drawn on electron binding eﬀects and K-edge eﬀects. r 2001 Elsevier Science Ltd. All rights
reserved.
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1. Introduction
Studies on g ray interaction in polymers have assumed
great importance with the increasing use of these
composite materials in many ﬁelds of science and
technology, nuclear industry and space research pro-
grams. In such applications the concept of eﬀective
numbers (Zeff ) is introduced to describe the properties of
these composite materials in terms of an equivalent
element. A simple and commonly employed method of
obtaining Zeff of a material consisting of diﬀerent
elements in deﬁnite proportions is based on the
determination of total attenuation cross section for g
ray interaction by the transmission method and ﬁnding
out an equivalent element which has the same cross
section. Very few experimental results on Zeff were
reported for polymers and such other composite
materials for the photoelectric process at g ray energy
below 100 keV. In the present work we have reported
accurate values of Zeff for three polymers, an alloy, a
compound and an element at 59.54 keV.
2. Experimental details
In the present work, values of Zeff for the photo-
electric process were determined from the accurately
measured mass attenuation coeﬃcient (m=r) by trans-
mission method employing a good geometry setup
(Siddappa et al., 1986; Ashok et al., 1991) by allowing
59.54 keV g rays from 241Am (300mCi) source to
undergo attenuation in our composite samples. The
target polymers were in the form of uniformly thin
(mto1) high purity (better than 99.99%) foils with
thickness ranging from 0.13 to 0.34 g/cm2. A NaI (Tl)
scintillation detector (7.62 7.62 cm2) mounted on a
6956KL (EMI) photomultiplier was used to detect the
attenuated g rays and the spectra were recorded in a PC-
based 4K analyzer. The values of Zeff for our composite
samples were evaluated from the accurately determined
photoelectric cross sections using the semiempirical
relations (Siddappa et al., 1986; Ashok et al., 1991).
3. Results and discussion
Our results of the attenuation cross sections and
eﬀective atomic numbers (Zeff ) for the composite
materials at 59.54 keV have been compared with the
semiempirical results and the literature values and are
shown in Tables 1 and 2.
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Table 1 shows that the measured photoelectric cross
sections for NaOH and Polyboron are in very good
agreement with the theoretical values. However, for the
other samples, the measured values are not in good
agreement with the theoretical values. This may be due
to the fact that the samples, Plumber Solder, Light
Lead-1 and Light Lead-2, contain Pb as one of the
constituent elements whose binding energy of K-shell
electron is comparable to the energy of the incident
gamma ray. Further, the properties of the polymers are
related to the chemical nature, the distribution of chain
lengths and the amount of additives such as ﬁllers. These
factors inﬂuence the polymeric properties such as
hardness, chemical resistance, etc. (Raymond and
Charles, 1988). These could have a direct or indirect
bearing on the total processes of g ray interaction in
these materials. In the sample Polyboron, the additives
may be of low Z elements and hence the measured
photoelectric cross sections agree with the theoretical
values. However, in the other two samples, Light Lead-1
and Light Lead-2, the additives may be of high Z
elements and also because of the presence of Pb itself, we
could observe pronounced deviation from the theory.
Table 2 shows that Zeff for Polyboron, NaOH and Pb
agree with the semiempirical results within the error
limits. The results of Zeff for Plumber Solder (at lower
Table 1
Mass attenuations ands cross sections at 59.54 keV
Sample with %
composition
Mass attenuation coeﬀt.
(m=r) cm2/g
Cross sections (b/atom)
Measured Theory stot scoh sincoh sphotoðexptÞ sphotoðtheoryÞ
Polyboron
(BF5, PEaF95)
0.3370.01 0.29 5.87 2.90 2.88 0.0870.01 0.09
Light Lead-1
(PbF76, PEF24)
3.8170.11 3.77 1018.25 148.14 34.67 835.34733.41 1124.82
Light Lead-2
(PbF76.5, PEF23.5)
3.9070.11 3.79 1048.88 149.09 34.87 864.04734.56 1132.22
Plumber Solder
(PbF50, SnF50)
5.9570.10 5.70 1609.65 131.25 36.00 1442.40757.70 1350.00
NaOH
(NaF57, OF40,
HF03)
0.3770.01 0.21 12.07 5.69 5.18 1.2170.05 1.31
Lead (PbF100) 4.7270.14 4.87 1625.39 194.00 44.70 1386.69755.48 1480.00
aPE is Poly Ethylene.
Table 2
Eﬀective atomic numbers (Zeff ) for photoelectric process at 59.54 keV
Sample Zphoto
Experimental Semiempirical Literature
Polyboron 06.0070.18 06.90 F
Light Lead-1 46.0071.38a 75.05 F
74.0072.22b
Light Lead-2 46.0071.38a 75.20 F
74.0072.22b
Plumber Solder 53.0071.59a 69.84 54.5072.7a
82.0072.46b 82.5074.1b
NaOH 09.0070.27 09.88 F
Lead 80.0072.40 82.00 82.00
aLower K-edge.
bUpper K-edge.
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K-edge) diﬀer considerably from the semiempirical
values whereas the results at both lower and upper K-
edges do agree with the experimental values reported in
the literature (Siddappa et al., 1986). The results of Zeff
for Light Lead-1 and Light Lead-2 at lower K-edges
show conspicuous deviations from the semiempirical
values whereas at the upper K-edge, the results do agree
with the semiempirical values within the error limits.
These observations clearly suggest the possible electron
binding eﬀects and K-edge eﬀects. Since there are no
earlier reports for these polymers and for the compound
NaOH, our results of (m=r) and Zeff constitute the ﬁrst
measurement for 59.54 keV g rays.
4. Conclusions
* The mixture rule can be used with conﬁdence to
evaluate (m=r) in polymers also, as in the case of
compounds and alloys.
* The hygroscopic nature of the compound seems to
aﬀect (m=r) for g ray interaction in compounds.
* At lower g energy (10 keVpEgp100 keV) the mea-
sured photoelectric cross sections agree with the
theoretical values for polymers having low Z
elements as its constituents.
* More extensive studies at this energy and other
energies of g rays are needed to throw more light on
electron binding eﬀects and K-edge eﬀects.
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